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CHAPTER I 
INTRODUCTION 
Of fundamental importance to silviculturists is the natural or 
artificial reproduction of forests from seeds. The greatly increased 
interest in seeds during the past decades is due to the large scale 
practice of artificial reproduction. Prompt and complete germination 
is desirable for many reasons. It insures a regular, full stand of 
seedlings of more uniform size. A thorough knowledge of the germina­
tion behavior of western larch (Larix Occidentalis Nutt.) is important 
in the forestry operations dealing with this species. 
With the relatively small amount of information at hand, failure 
of seeds to germinate was interpreted, as late as the start of the 
twentieth century, to mean the absence of some special stimulus. It 
was understood that hard-coated seeds did not absorb water, but if 
a seed did absorb water and still failed to sprout it was believed 
to need some special stimulus to release the germination mechanism. 
With this stimulus-physiology concept in practice it was assumed that 
a release stimulus only was necessary to overcome dormancy in all 
seeds except in those with hard seed coats impermeable to water and 
gases. At present there is a growing tendency to explain all seed 
dormancy on the basis of the presence of inhibiting substances and 
impermeable hard seed coats. A survey of literature indicates that 
there are several types of seed dormancy and different types are over­
1 
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come by a considerable variety of treatments with chemicals. 
Many problems in seed physiology, that seem simple and settled by 
past experiments, may need a thorough reworking. Some recent research 
on injurious effects of soaking seeds in various chemicals illustrates 
this point. Many seeds are much more sensitive to soaking time than 
the concentration of chemical solution in which they are soaked. It is 
evident from results to date that a real understanding of soaking 
effects on seeds demand a thorough physiological study of the effects 
of different soaking periods and different concentrations of chemicals 
under a wide range of conditions. 
This study deals with the application of 0, 1, 2, 3, k, and 5 
per cent solutions of hydrogen peroxide. Realizing the increased im­
portance of soaking times in various chemicals on germination in the 
past, different soaking times of 0 hour, 6 hours, 12 hours, 18 hours, 
2k hours, 30 hours, and 36 hours were considered. With a precise con­
trol over various concentrations and soaking times the treatments were 
applied to stratified and unstratified seeds of western larch. The 
results of this investigation will help to remedy the problems in ger­
mination of western larch seed by reducing the rest period of the seed 
and also increasing the total germination. It is hoped that it will 
draw attention to what still needs to be done, in the application of 
the results of this treatment under field conditions. 
CHAPTER II 
LHERAT0BE REVIEW 
Dormancy: 
According to Crocker (1906, 1907, 1911*, 1916, 1917, 1918, 1928, 
and 1953) dormancy is a mechanism by which seeds may be delayed in 
germination due to any one of the following features: 
1. Rudimentary embryos that must mature before the seed ger­
mination. 
2. Complete inhibition of water and oxygen absorption. 
3> Mechanical resistance to the expansion of the embryo and 
seed contents by enclosing structures. 
4. Enclosing structures interfering with oxygen absorption by 
the embryo and perhaps carbon dioxide eliminated from it, 
resulting in the limitation of the processes dependent upon 
these. 
5« A certain factor in the embryo itself or some organ of it, in 
consequence of which it is unable to grow with full vigor but 
may show great sluggishness in development when naked and 
supplied with all the conditions necessary for germination. 
6. Combination of two or more of these. 
7- The assumption that the growth or development of seeds is 
suspended after the original dormancy has been broken—so 
called secondary dormancy. 
Ewart (1908) claimed that longevity of seeds depends upon how 
long the inert proteid molecules into which the living protoplast dis­
integrates when drying, retain the molecular grouping which permits 
their recombination to form the active protoplasmic molecules when the 
seed is moistened and applied with oxygen. 
Eckersqn (1913) finds that in the dormant condition the hypocotyl 
is slightly basic or neutral to phenolphthalein, while the cotyledons, 
3 
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being capable of immediate growth, are quite acid. As after-ripening 
progresses, the hypocotyl becomes more and more acid. The acid re­
action of the hypocotyl seems to produce general physical-chemical 
conditions favorable for water absorption, enzyme formation and action, 
and through these, for growth. According to Eckerson (1911) many 
acids greatly hasten after ripening. 
Groves (1915) suggested that loss of viability in seeds approach­
ing the air-dry condition is due to the slow denaturing or coagula­
tion of certain protoplasmic proteins of the embryo. The extreme 
lability of protoplasmic proteins as shown by Lepeschkin (1913) would 
suggest their being denatured far sooner than such proteins as make 
up, or at least are associated in the endosperm with the rather stable 
oxidizing and digestive enzymes. 
It has been shown by Goebel (1898) that at ripening, many seeds 
have immature embryos that must complete their development before ger­
mination can begin. Such embryos vary from undifferentiated groups 
of cells to abnormal embryos. Tbe immature embryos in some of the 
seeds require weeks or months to germinate. 
According to some research workers, there are many causes of 
dormancy. Besides those which have been discussed here, the following 
are the two most important factors which affect the dormancy to a 
greater extent: 
1. Germination inhibitors (Czapek 1903; Oppenheimen 1922; 
Borrls 1936; Fukaki 1930; Reinhard 1933; Rundolf and 
Cox 19^3; Rage 1939; Konis 191*0; Laibaeh and Keil 1937; 
Denny and Miller 1935; Crocker 1916; Shorten 19^3; Maize 
1900, 1910; Dude 1903; Shull 191k} Eckerson 1913.) 
5 
2. Permeability of seeds (Hiltner 1902; Verschaffelt 1912; 
Eward 1908; Gwppy 1912; Mailer 191^; Kidd and West 1917; 
Crocker 1906, Shull and Shull 1932; Machalica 1926; 
Crocker and Davis 191^r Dunin' and Miazdrikova 1930; Kisser 
and Schmid 1932; Barton 19^5# 19^7; Brown ly07; Schroeder, 
1911; Atkins, 1909; Fiscker, 1907, 1908; Lehmann, 1909; 
Becker 1907; Shull 1913; Denny 1917*) 
1. Germination inhibitorst 
Czapek (1903) observed that the germination inhibitions are 
brought about by the physiology of the seed, or the environmental 
factors. Czapek also found that-inhibition lies in the production of 
substances inhibiting particular physiological processes which are in­
dispensable for normal development. 
Opperiheimer (1922) considered the inhibition of germination due 
to the action of inhibiting substances occurring is the seed. The 
evidence furnished by Oppenheimer to this effect was corroborated by 
other authors (Borris, 1936; Fukaki, 1930; and Reinhard, 1933)• He 
also considered that osmotic pressure and acidity do influence ger­
mination to some extent, but they are only secondary in importance. 
By far the major role is played by an inhibiting substance of unknown 
character. 
According to Bundolf and Cox (19^3) the inhibitors are present 
in seed coat, endosperm and embryo. They reported that the Inhibition 
is marked by a reduced number of germinating seeds, a reduced rate of 
germination, and a greatly reduced rate of seedling development. The 
entire seedling, especially the radicle, is deformed. These become 
short, thick and black; and the embryo becomes abnormally elevated 
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with respect to the seed, fiuge (1939) reported the Inhibition is due 
to an inactivation of the hormones responsible for germination. 
As revealed by the experiments of Konis (19^0) the inhibitors are 
also of a volatile character, crystalloidal, or thermolabile, being 
destroyed even at a temperature of 50-55 degrees centigrade. This 
finding on the thermolability of the inhibiting factor agrees with 
those of Oppenheimer (1922). A noteworthy fact is the greater sus­
ceptibility of the inhibitor to a temperature of 60 degrees centigrade 
than-to 100 degrees centigrade. A possible explanation is offered by 
Konis (19^0) stating the possibility of the resistance of stimulating 
factor to 60 degrees centigrade, at which temperature it ceases to 
counteract the inhibition. 
TSie discovery of the volatile nature of the gemination in-
gibitor renders more plausible the idea advanced by Laibach and Keil 
(1937)» The inhibitor may be due to hydrocyanic acid derived from 
nitrite-glucosides by the action of emulsion as is encountered by 
Laibach and Keil (1937) > or it may be due to ethylene given off during 
process of breakdown of endospermic constituents (Denny and Miller, 
193-5). 
In 1910 Maze reported that acetaldehyde is present in seeds and 
is an inhibitor in germination, le concluded that the acetaldehyde 
accumulates in seeds as soon as their moisture content is raised. 
Dude (1903) found that imbibed seeds in vacuo are soon killed 
by accumulation of toxic material of Intramolecular respiration. Maze 
(1900) found that seeds retain their vitality but a short time under 
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the considerable reduction in oxygen supply involved in water storage. 
Besides, injury from toxic products of intramolecular respiration, he 
found that the leaching of stored foods was very extensive in some 
cases• 
Maze (1900), while investigating the effect of soaking seeds, 
concluded that seeds placed under water may preserve for some time a 
condition of latent life. At the same time, however, the hydrolyzing 
enzymes maintain their activity. Oxidizing enzymes are unable to 
perform their normal function to supply the embryo with food material 
and to remove intermediary products. Under this condition starchy 
seeds lose their vitality rapidly, while the oily seeds retain their 
viability for same time. Maze (1900) believed that the continued ac­
cumulation of acetaldehyde in the absence of an opportunity for its 
oxidation, eventually brought about the loss of vitality of seeds. It 
is conceivable that an analogous situation occurs when the seeds are 
held under germinating conditions where a sufficient supply of oxygen 
is not available to the embryo. 
Eckerson (1913) reported the presence of acetaldehyde in normally 
dormant seeds and observed its disappearance as dormancy is broken 
and growth is initiated. She also found that with the breaking of 
dormancy by low temperature storage, the embryo and surrounding 
tissue change from a neutral or slightly alkaline reaction to an acid 
condition, at which time; the enzyme system becomes active and growth 
is initiated. 
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2. Permeability of seeds: 
Permeability is one of the main factors which affect the dormancy. 
Crocker (1906) defines permeability as "the capacity of the seed coat 
to allow substances to pass through." The nature of the coverings 
surrounding the seeds is the most obvious factor affecting the absorp­
tion of water. Shull and Shull (1932) reported that the characteristic 
and reactions of seeds in rggard to internal and external water supply 
are of the greatest physiological significance. There is a great ir­
regularity in the rate of moisture absorption by plant material. 
Machalica (1926) has demonstrated that rye, wheat, and barley 
can absorb enough moisture from a saturated atmosphere to germinate. 
However, not all seeds require the same amount of water" for ger­
mination, nor do they absorb the same amount of water under any given 
set of conditions. Machalica (1926) made a general assumption that 
seeds must be in direct contact with water in order to absorb enough 
mositure. 
Crocker and Savis (191*0 observed that when the seed is fully 
imbibed with water and has all the other conditions necessary for ger­
mination, it sometimes falls to develop a seedling due to the mechan­
ical restriction of the enveloping structures around the embryo. 
Crocker and Davis (191*0 demonstrated it for seeds of the water plant 
Alisma plantago, the coats of which limit the swelling of the embryo. 
The restriction may be removed naturally only after years of lying in 
water. Crocker (19W) worked with certain seeds which after-ripened 
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in dry storage. It has been shown that the initial rate of water ab­
sorption as well as the total amount absorbed, tends to increase as 
the after-ripening proceeds. 
The minimum water necessary for germination is greater in seeds 
with low germination vigor (Dunin and Miazdrikova, 1930). Kisser and 
Schmid (1932) working with peas, pointed out that the variation of the 
amount and course of water absorption was due to the chemical make-up 
of the seeds. Protein-rich peas were capable of faster water absorp­
tion than those with less protein. 
Barton (19^5> 19^7) stressed the importance of semipermeability 
of seed coats as follows: 
As our knowledge of the physical and chemical char­
acteristics of seed coats increases, the importance of 
the physiological role and the biological significance of 
these structures become more and moire apparent. Much 
work has been done upon the germination of seeds without 
an adequate knowledge of the real conditions offered to 
embryos for their development. Many chemical substances 
and various etheral stimuli have been used to influence 
the germination of seeds, and as a rule the seeds have 
been used with coat intact. The assumption has been that 
the coats of seeds, and cell wall, generally, are permeable 
to all water soluble substances and that the dead membrane 
and-cell walls do not modify etheral and chemical stimuli 
which act through them, simply because they are dead. 
Brown (1907) reported the discovery of a semi-permeable membrane^ 
forming the outer layer of seeds of Hordeum vulgare variety coerulescens 
"*A semi-permeable membrane is one which will permit the solvent 
to pass through but not the solute (Crocker, 19-17) • 
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and later in 1909, he published an account of the selective permea­
bility of this outer dead membrane of the seed. This work was followed 
by Sehroeder (1911), who found the same kind of selectively permeable 
coat in wheat. 
Atkins (1909) found that the absorption of water from living and 
dead seeds was identical until germination commenced, at which tin® 
the osmotic phenomena of the living cells were manifested. The forces 
concerned in the initial stages of water intake are, according to 
Atkins (1909), those of capillarity and imbibition; but upon germina­
tion, osmotic pressure begins to influence the amount of water taken 
up by the living seeds. 
The general occurrance of non-living semipermeable membranes in 
plant structures, especially as seed coat is of the greatest interest. 
A large amount of work has been done upon seeds with coats intact, 
especially on seeds showing delayed germination, in attempts to 
stimulate protoplasm to activity. Fischer (1907, 1908) used many 
different kinds of-acids, alkalies and salts on seeds. Lehmann (1909) 
and Becker (1907) used Khop's solution as stimulant for resting seeds. 
Barton (193^, 1933) reported that the testa has physical and 
chemical characters which may enable it to modify greatly any factor 
entering into germination behavior. She observed that the testa is 
composed of three layers. The outer of these cannot function as a 
semipermeable layer or membrane. The middle layer is several cells 
thick. The inner layer is one cell thick. She believed that any one 
of these can act as a semipermeable membrane. 
11 
Hiltner (1902) reported that hard seeds have coats that prevent 
absorption of water. He found that red clover seeds placed in water 
do not all swell at once, but a few at a time, a considerable percent­
age remaining hard and viable even after a decade, lard seeds be­
come permeable very slowly under dry storage conditions, more rapidly 
in geiminators under laboratory conditions and apparently still more 
rapidly under widely fluctuating natural conditions. Gappy (1897) 
reported that the resistance to water absorption is due to the cuticle 
or to the light zone of modified cellulose of the palisade layer. 
Verschaffelt (1912) reported that in many seeds the water ab­
sorbing tissues are present over much of the seed surface and water 
fails to enter because it will not wet the walls of these micro-
openings in seed coats. It will enter, however, if the seed is first 
soaked for an hour in ethyl alcohol and then placed in water. The 
alcohol readily enters the openings and furnishes a path for the in­
ward diffusion of water. Moreover, Ewart (1908) found that in some 
hard seeds all layers of the integument are highly impervious to 
water and Guppy (1912) claims this is prevalent among hard-coated 
forms with large seeds. 
Muller (191*0 reported that some seeds are held in dormant state 
because the force of the expanding embryo and its contents is not 
sufficient to rapture the coats. He found that in various seeds that 
germinate readily, the outward pressure of the contents at the time 
of rupture was but slightly greater than the breaking strength of the 
water-saturated coat. The breaking strength of the seed coats rises 
12 
or falls with a fall and rise in water content. In the cases studied 
by Muller the breaking strength of dry coats was several times the 
expanding force of the enlarging seed contents. 
The importance of the semipermeability and the effects of salts 
and other substances which must reach the embryo of seed through the 
coats is stressed by Shull (1913)* If semipermeability is present in 
seeds, the physical and chemical characteristics of seed coats must 
be considered in the study of germination behavior (Darsle, 191^). 
Shull (1913) working principally with Xanthium, but also includ­
ing a number of seeds of various species, discovered that all seeds 
do not exhibit the same degree of semipermeability. However, he 
mentioned that Xanthium seed coats permit very slow passage of some 
solutes such as sodium chloride, copper sulfate, glycerols, sugars and 
hydorchlorlc acid. Those of sunflower and peach restrict the passage 
less, and bean seed coats are still more permeable. 
Treatment of seed with chemicals: 
Many seeds fail to germinate or they undergo a state of dormancy 
due to the presence of hard seed coats. In the past many research 
workers applied chemicals, in order to make these hard coats permeable 
to water and gases. Many seeds have germination inhibitors in their 
seed coats. A variety of chemicals were also used to disinfect the 
seed coats and combat some of the germination inhibitors. Major work 
has been done in breaking dormancy of certain seeds by making their 
hard coats permeable. 
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Fischer (1907) found that the seeds which normally lie for years 
in water in a dormant stage, are readily forced by acids and bases. 
He reported that rather slight forcing effect of enzymes is due to 
enzymatic hydrolysis or decomposition of coats and not to the acids 
or bases. Fischer (1907) reported, sulfuric acid (sp. gr. 1.8*0 acts 
as a carbonizing agent and produces good, germination. Forcing action 
of acid is on embryo. Fischer (1907) claimed this as the point of 
action in light-stimulated. seeds where acids rather generally have 
the power of substituting for light, but this claim is entirely with­
out critical evidence. 
Jacobs (1925) found that soaking seeds for four days in tap 
water and exposure to freezing for forty-eight hours is most favorable 
to induce the early and complete sprouting of sugar pine seeds. He 
attributed the beneficial action of soaking, to the action of bacteria. 
The author added that the whole problem of hastening the sprouting of 
sugar pine seeds seems to be the existence of the rest period. 
According to Larsen (1925) the delayed germination of western 
white pine seed is not caused by any physiological characteristics of 
the seed embryo or endosperm such as after-ripening or the need for 
a period of rest, but by the impermeability of the seed coat. Prompt 
germination can be obtained by: 
1. Seduction of seed coat by chemical corrosion 
(immersion in concentrated sulfuric acid for 
minutes with thorough rinsing). 
2. Reduction of seed coat by mechanical scarification; 
3. Soaking seeds in water for 2k hours and then exposing 
to freezing in winter for 40 days; 
1*. Burying the seeds in moist bark-free sawdust and 
maintaining it at a relatively warm temperature for 
three weeks followed by immediate sowing. 
Tozawa (1926) working on Pinus koraiensis, treated the seeds with 
concentrated sulfuric acid. He also soaked them in warm water. lis 
best results were obtained by burying the seeds for storage. Freshly 
harvested seeds were put it moist sand and in a box screened above 
and below and placed in the ground with the top of the box level with 
the surface. The overall results were poor. 
Michalowski (189*1-) observed that the seeds that are delayed in 
germination were due to seed coats which reduced the oxygen supply 
below the minimum for germination. The seeds grew readily when the 
testae were removed. He also reported that increased oxygen pressure 
or hydrogen peroxide Induced germination of the intact seeds. Under 
normal oxygen pressure and high temperature, it acts as a forcing 
agent. This gives the odd phenomenon of two temperature minima for 
germination, one with coats removed and a much higher one with with 
coats intact. According to Michalowski (189*4-) frosts and many other 
conditions modify the testa; also, the embryo may have its oxygen 
minimum lowered by sugar accumulation. In connection with germination 
Becket (1911) speaks of oxygen as having a catalytic function, and 
Lehmann (1913) connects it with the hydrolysis of proteins, thus fur­
nishing substances necessary for the growth of the embryo. Kidd (191*0 
found that the narcotic concentration of carbon dioxide decreases 
with decreased oxygen pressure and believes that oxygen supply op­
15 
erates indirectly through the anaesthetic action of carbondioxide. 
Shull (191*0 is inclined to think the effect of oxygen is through in­
creased respiration, for here the oxygen consumption increases greatly 
with increased partial pressure and with coat removed. 
At various times attempts have been made of seed coat removal 
(dehusking) by chemical methods. Prolonged steeping in plain water 
or short steeping in solutions of acids or, alkalies have been claimed 
to result in satisfactory separation of hush and endosperm (Bartman, 
1928; Rutey, 1935; Fischer, 1907). 
Fischer (1907) suggested that any treatment that greatly weakens 
the coats without injuring the embryos is a good forcing agent for 
the dormant seeds. Scarification by various means, carbonizing with 
sulfuric acid or treatment with a great range in concentration of 
acid under proper adjustment of time are effective. It has since 
been shown that the embryos are not dormant and that the action is 
mainly upon the coats leading to a mechanical weakening. This mechan­
ical weakening is brought about by two means, according to Fischer 
(I907)s 
1. Acids and bases increase water absorption and thus 
lower the breaking strength in accordance with the 
intensity of solutions; 
2. The coats consist of pectic or other materials, 
rather readily hydrolyzed or otherwise decomposed 
by acids and bases, which are mechanically weakened 
by such chemical transformations. 
Anderson and Walker (1931) reported on experiments in which they 
compared the effects of mercuric chloride and hydrogen peroxide. Using 
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a number of different legume seeds, they tested for percentage of 
sterile seeds, percentage of seeds germinating after treatment and 
for completeness of removal of the disinfectant from the treated seeds 
by washing it with distilled water under laboratory conditions. The 
percentage of sterile seeds was very nearly the same for both mercuric 
chloride and hydrogen peroxide. The authors also observed the per­
centage of germinating seeds was equal or higher for the hydrogen per­
oxide treated seeds than for the mercuric chloride treated seeds. For 
example, with 100 per cent germination resulted together with 83 per 
cent sterile seeds from the use of hydrogen peroxide, but 0 per cent 
germination and slightly better sterilization (92 per cent) from treat­
ment with mercuric chloride. 
Extensive experiments on disinfection of flower, legume and 
cereal seeds have been carried out by Kisser and Portheim (193*0 • 
These workers were mainly interested in finding out how much hydrogen 
peroxide would be tolerated by various seeds without impairment on 
germination. At the same time, the per cent of disinfection was 
tested by inoculating a suitable nutrient solution directly with the 
treated seeds and visually observing microorganisms growth as in­
dicated by turbidity developing in the nutrient medium. It was found 
that solutions containing as much as 20 per cent and 30 per cent of 
hydrogen peroxide had little effect on germinative energy of the 
According to Baldwin (19^2) germination energy is the per cent 
of seed germinating under optimal condition irrespective of time, and 
germinktion per cent is the per cent of a given number of seeds ger­
minating in a given time. 
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treated seeds. In fact, a slight increase in per cent germination 
could be observed in some cases. Effectiveness of disinfection varied 
with the character of the seed coat, smooth seeds being easier to 
treat effectively than rough coated seeds. Partial to complete dis­
infection (sterility without impairment of germination) was observed 
with most of the seeds tested. Similar results were obtained by 
©lgyay (1936) who investigated the effectiveness of hydrogen peroxide 
in disinfecting the wheat grain infested with smut. 
Practical use of seed disinfection with hydrogen peroxide has 
further been described by Beckman (1930). His process is particularly 
applicable to treating unpolished rice for the purpose of improving 
its storage ability; although# he indicates that other cereal grains 
may be treated in an analogous manner. "Hie grain, according to 
Beckman (1930) is treated with a very dilute alkaline hydrogen perox­
ide solution (approximately 0.25 per cent to 35 per cent hydrogen 
peroxide and 0.25 per cent sodium hydroxide per liter) for a few min­
utes at temperatures ranging from 25 to 60 degrees centigrade. Sur­
face disinfection, at least partial removal of surface oil fat by sa­
ponification with the alkali present in the solution, and a minor 
bleaching effect are claimed to be obtained with this treatment and 
are said to result in much improved storage ability and better appear­
ances of the unpolished rice without removal of desirable constituents 
of the surface layer of the kernel. 
Seed disinfection by wet -or dry treatment and involving the use 
of peroxygen chemicals was discussed in a patent of Farbenindustrie 
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(1932). The investor found that the disinfecting action of halogen-
ated aromatic hydrocarbons is substantially improved if these agents 
are used in conjugation with peroxygen chemicals. The examples given 
are barium peroxide, benzoyl peroxide and generally solid peroxides, 
of which a variety is commercially available today. These combinations 
were found to be effective aporicides and did not affect germinative 
power of the seeds. 
Success or failure of a chemical agent used for disinfecting the 
seed coat can be established by well-known bacteriological test meth­
ods . It would seem more difficult to decide whether a treatment of 
seed with an agent having a certain measure of disinfecting power owes 
its success of improving germination simply to reduction of the number 
of microorganisms present on the seed before planting or to a specific 
effect on the germinative power of the seed. Moreover, many workers 
investigating problems of seed disinfection were concerned with seed 
germination only to the extent of testing whether germination was im­
peded by a disinfectant, and did not study the question of possibly 
raising the germination per cent by suitable use of peroxygen chem­
icals . 
A German patent by Bayer (1926), making use of formaldehyde 
as seed sterilizing agent, mentions the use of peroxides to overcome 
the undesirable effects of formaldehyde on germination. Benzoyl per­
oxide is given as an example, but undoubtedly other peroxygen chemicals 
could be used. 
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Muller (1933) found that prolonged treatment of seeds with per­
oxygen chemicals will cause a pronounced increase in germination en­
ergy of the seeds, without, however, speeding up the development of 
the seedlings in the manner observed with certain special fertilizers. 
For wet treatment prior to sowing, solutions containing between 0.5 
per cent and 20 per cent hydrogen peroxide were used by Mailer (1933) 
in amounts sufficient to wet the seeds. One example describes treat­
ing about 50 pounds of wheat with about four gallons of 1.5 per cent 
solution of hydrogen peroxide for approximately 20 hours. Treated 
grain sown in the fall, gave 20 per cent higher yield of wheat than a 
similar lot of grain treated with calcium hydroxide only. For dry 
treatment Mailer (1933) describes the use of peroxygen chemicals such 
as sodium carbonate peroxide. Dry treatment was recommended for seed 
to be stored for prolonged periods of time prior to sowing. 
Another patent by Muller (193*0 described seed treatment with 
smaller amounts of more concentrated solutions of hydrogen peroxide. 
It was determined that decomposition of hydrogen peroxide on the sur­
face of the seed coat, may be speeded up by the use of a catalyst, 
e.g. copper or iron salts. This is an exothermic reaction resulting 
from the heating of the seeds to an extent insufficient to cause de­
struction of Microorganisms on the seed surface and also beneath the 
seed coat proper. 
Treatment of seeds to increase per cent germination has also been 
described by Sparks (1935)- His process seemed more applicable to 
flower and legume seeds and consists of immersing the seeds in a so­
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lution containing between 0.5 per cent and 5 per cent hydrogen perox­
ide, until the seeds have begun to germinate, whereon, they are plant­
ed. 
Germination of barley, important for breweries, also seemed to 
benefit from treatment with hydrogen peroxide. Becker (1936) stated 
that in commercial tests, treatment of barley with hydrogen peroxide 
had a greater beneficial effect on germination energy than drying and 
treatment with calcium hydroxide. In this application, carried out 
commercially in some German breweries such as Wiehestephen, the lack 
of any residue but water after hydrogen peroxide treatment was par­
ticularly important. 
Similar remarks were made by Raux (1939)# who referred to the 
investigation of Becker (1936) and also summarized much of the work 
done prior to the year 1939 on the use of hydrogen peroxide in treat­
ing barley. Much improved germination was observed when barley was 
treated with about 0.03 per cent hydrogen peroxide solution. The 
germination was 62 per cent before treatment and 82 per cent after 
treatment with hydrogen peroxide. In his own work, Raux (1939) found 
that healthy barley steeped in an otherwise conventional manner in 
solutions containing approximately 0.01 per cent hydrogen peroxide 
after about k& hours and in aerated water about 72 hours. 
Bawden (19*16), who investigated the effect of plant growth hor­
mones on barley germination in comparison to plain water and hydrogen 
.peroxide, reported very similar results. He also found that the pres­
ence of minor amounts of hydrogen peroxide in the steep water tended 
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to promote germination, particularly for shorter steeping times, where 
as growth substances were without effect. 
Soaking seeds in dilute hydrogen peroxide solutions (e.g., 0.001 
per cent to 1.5 per cent by weight) for a period of a day or so or 
until germination begins, improves the per cent germination and the 
rapidity or the intensity of germination of a number of seeds. Im­
proved effects have been reported for wheat (Mailer, 193*0, flower and 
legume seeds (Sharks, 1935)# and tomato seeds (Manrigue 19^9)• Bie 
action of hydrogen peroxide on a number of typical carbohydrates was 
studied by Payne and Poster (19*1-5) • The products were oxygen, hydrogen, 
carbon dioxide, carbon monoxide, formic and other acids and aldehydes. 
The authors observed that hydrogen derived from formaldehyde, was a 
characteristic product. 
Kertesz (19^3) reported pectic substances, other polysaccharides 
and glycosides were degenerated by hydrogen peroxide. The processes 
were affected by the presence of alkali, iron and copper, the ascorbic 
acid ((Justus, 1926; Brown, 1936; Robertson, 19^1). Ishii (19*H) and 
Dhar (19V7) observed that fats and oils are relatively resistant and 
most studies were carried out with concentrated hydrogen peroxide in 
the presence of heavy metal catalysts. 
It has been found that hydrogen peroxide can induce mutation and 
a number of references describe the conditions and nature of this 
effect (Stone, 19^7). 
Haber and Willstatfcer (1931) suggested two points of viewj one 
holding that the catalusis proceeds via the formation and decomposition 
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of complex compounds of catalase and hydrogen peroxide, the other con­
sidering that free radical intermediates are also involved. All these 
facts and the mechanisms held the account for them have been the sub­
ject of thorough recent reviews by Chance (1950) and George (1952). 
According to the recent works done by these authors the relationship 
of enzyme (catalase) and hydrogen peroxide is mentioned ass 
Enzyme f hydrogen peroxide = Enzyme / hydrogen peroxide 
Enzyme / hydrogen peroxide = substrate / Enzyme product 
The enzyme catalase was named by Loew (1911 who studied the 
effects of pH, solvents and salts on the action with hydrogen peroxide 
of crude extracts containing catalase. Later works (Morgulis, 1921; 
Northrop, 1925 j Williams, 1927J and Haldane, 1931) established the 
gross kinetics of catalysis of hydrogen peroxide decomposition and the 
inactivation of the enzyme accompanying it. There is now a consider­
able amount of information regarding the kinetics and mechanism of 
catalase based on the works of Keilin and Hartree (1936)f Chance 
(19^7)> George (19^7)# Sizer and leers (19M+) # Theorell and Ehreriberg 
(1951) and Kohozev (19^). 
CHAPTER III 
MATERIALS AND METHODS 
This is a study to determine the effects of different concentra­
tions and soaking periods of hydrogen peroxide on the dormancy of 
western larch (Larix occidentalis Nutt.) seed. Six different con­
centrations of 0 per cent3, 1 j>er cent, 2 per cent, 3 per cent, 4 per 
cent and 5 per cent were used to break the dormancy. Soaking time of 
0 hour^, 6 hours, 12 hours, 18 hours, 2k hours, 30 hours and 36 hours 
were also considered so far as their injurious effects on germination 
were concerned. 
The seeds used in this investigation were collected on August 28, 
1958. The geographical origin was 48° 12'H, 113° ̂ 3' W, R 17 W, 
T 28 N, Sec. 15, Felix Creek, Flathead National Forest, Montana. 
After the seeds had been collected, they were stored in a cotton sack 
at room temperature for two years. 
Methods of testing viability. 
Viability Is a term referring to the potential capacity of seeds 
to germinate (Baldwin l$k2). It may be determined by physical 
measures or germination tests. Pure seeds were taken without respect 
to their apparent condition, whether shriveled, cracked, diseased, 
•decayed, insect attacked or otherwise injured. Physical measures of 
viability are not very satisfactory but can often be used in case 
Jo per cent hydrogen peroxide is distilled water 
0 hour soaking time is equal to 5 seconds 
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where the necessary time for staking germination tests are unavailable 
(Isaac, 191*9). 
Physical measures of viability include floatation test (Klein 
1910j Phillips 1905j Baldwin, 1932), cutting test (Tead 1932; 
Baldwin 1932), hammer test (Read 1932), excised embryo test 
(Andronescu 19*4-9; Blakeslee 19*A; Newcomb and Cleland 19*4-6; Loo and 
Wang 19*4-3; Merry 19*4-2; Justice, 19*4-0), moisture content test 
(Coleman and Boerner 1936), transparency test (Hicks and Key 1898) 
and electric methods (Waller 1901). These methods of rapid determin­
ation of viability can be used at any time after the seed is extracted. 
It is particularly valuable in determining the amount of seed required 
for the production of a specified number of seedlings or whenever 
there is not sufficient time for the germination test to be made 
(Baldwin 19%2). 
For finding the viability of western larch seed by physical 
measures, the methods used were the floatation test, cutting test, 
hammer test and excised embryo test. One thousand seeds were put in 
water. Isaac (19*40) reported that sound seeds will sink and dead 
seeds will float. However, seeds containing a high content of oily 
substances or chemical alcohols will float even if they are sound 
(Klein 1910; Phillips 1905; Baldwin 1932). 
Another batch of one thousand seeds were dipped in alcohol. 
Cutting test was made on those one thousand seeds which were dipped 
in alcohol for floatation test. This test consists of dividing the 
seed in cross sections with a razor blade or sharp knife and tallying 
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the-seeds that are sound and not sound. Read (1932) reported that 
the per cent of seeds appearing to be sound will be consistently-
higher than the per cent that will produce seedlings. The one thou­
sand seeds on which the water floatation test was made were used for 
hammer test. This test is made by crushing the seeds on a dry blotter 
paper (Baldwin 1932; Read 1932). Seeds which left an oily mark were 
considered being sound. Hie decayed, shriveled (moldy), wormy and 
blind seeds did not leave any mark. This test also aided in predict­
ing the percentage of blind, wormy, shriveled and decayed seeds. 
At Boyce Thompson Institute of Plant Research (1938) a rapid 
method of determining germinative capacity of dormant seeds was used 
for testing forest tree seeds. This method consisted of removing 
embryos from seeds and placing them on moist filter papers at room 
temperature for immediate germination. Since the embryos of western 
larch seeds are soft and easily damaged, the seeds were soaked in 
water for 36 hoars at room temperature in order to prevent injuries. 
Then the outer seed coats were removed and slits were made in naked 
endosperm with a needle. After four hours of additional soaking in 
"jitter the endosperm was opened and the embryo floated. Etabryos were 
picked, gently out of water and placed on moist filter papers in a 
petri dish and held at room temperature. Oat of 100 excised embryos 
none gave any indication of growth. Flemion (1938) observed that by 
this method of embryo excision, viability can be determined within 3 
to 10 days in very dormant seeds and within a' very short time in the 
case of quick germinating seeds. This was not an indication in 
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western larch seed. The embryos turned to darker color instead of 
the normal yellow green and shriveled in 3 to 8 days. This method was 
of no help in predicting their viability. The results of this test 
seem to indicate that seeds of western larch has an embryo dormancy. 
The following are the results of predicted viability by physical 
measures. 
Category Predicted per cent viable 
a. floatation test 
1. water 60.0 
2. alcohol 70.0 
b. cutting test 70.9 
c. hammer test 67.9 
The expected average viability for the seeds used in this investi­
gation was 67.2 per cent. The embryo excision test was discarded be­
cause it gave negative results. 
Germination; 
Porter (19^9) reported that before germination takes place con­
ditions must be favorable and the seed must be ready to germinate. 
Seeds germinate on being provided with conditions such as moisture, 
air and heat. Conditions necessary for the germination of western 
larch as recommended by the United States Department of Agriculture, 
Forest Service are: temperature, 68 degrees Fahrenheit at night and 
86 degrees Fahrenheit during day; duration of test should be 60 days 
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for untreated seeds and 30 days for treated seeds.^ 
Germination is defined as resumption of the growth of a seed, 
usually recognized by rupture of the seed coat and appearance of the 
radical or hypocotyl (Society of American Forester's terminology, 
1958) • According to Muller (191*+) the germination of seeds begins 
with the bursting of the hard shell along particular lines of cleavage. 
This cleavage is predetermined by the anatomical structures, in which 
accumulation of water so far diminishes the strength of the shell that 
the pressure of the growing contents is able to break it. (Baldwin 
(l9*i2) and Crocker and Barton (1953) suggested that the botanical 
concept of germination should be superceded by that of economic plant 
production in seed testing. According to Baldwin (19^2) the seeds 
subjected to germination test should be classified as plant-producing 
seeds (germinated), hard seeds, abnormal sprouts, dead seeds and empty 
or blind seeds. 
Munn (192*0 and Brown and Toole (1928) claimed that the, sise of 
the sample is most important in predicting the viability of seed by 
actual germination test. The suggested size of the sample should at 
least be 100, and the test should be duplicated. Mann (192*0 rec­
ommended that the re test should be made if variation is more than 
indicated in the following table: 
^Stratified—experimental data not completed by l.S.D.A. Forest 
Service "Woody Plant Seed Manual." Misc. publication no. 65U:213-216, 
(19^8). 
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Allowable variation between duplicate germination tests 
Percentage of 
allowable 
Per cent of germination variation 
90 or over 6 
80 or over and less than 90 7 
70 or over and less than 80 8 
60 or over and less than 70 9 
50 or over and less than 60 10 
1*0 or over and less than 50 10 
30 or over and less than ho 9 
20 or over and less than 30 8 
10 or over and less than 20 7 
0 or over and less than 10 6 
Baldwin (19^2) recommended the use of petri dishes fitted with 
circular blotters or filterpapers for testing the germination of 
seeds. The main advantage is that the entire apparatus can be ster­
ilized in an autoclave. However, Hunn (192^) strongly recommended 
the use of a wet cloth. 
New York (Geneva) State Agricultural Experiment Station, Circular 
no. 73s6, (192%). 
TREATMENT 
This investigation was divided into two parts: 
1. hydrogen peroxide treatment to unstratified seed and 
2. hydrogen peroxide treatment to stratified seed. 
Hydrogen peroxide treatment to unstratified seed. 
The hydrogen peroxide used in this experiment was made by the 
Fisher Scientific Company. Its concentration was marked as 30 per 
cent—35 per cent (technical). The exact concentration was found by 
combined gravimetric and volumetric analysis consisting of titration 
with potassium permanganate as suggested by Schumb, Satterfield and 
Wentworth (1955)* The concentrations of 1 per cent, 2 per cent, 3 per 
cent, k per cent and 5 P©r cent were obtained by diluting-separately 
the known concentration of hydrogen peroxide with distilled water. 
The diluted concentrations of hydrogen peroxide in every category was 
one liter. These concentrations Mere tested again in order to check the 
accuracy of diluting process. At the end of 30 hours the strength of 
each concentration was tested again by titration with potassium per­
manganate. This indicated that there was no decomposition of hydrogen 
peroxide in 30 hours period at room temperature when it is stored in 
tightly stoppered bottles Wrapped in green colored papers. Extreme 
care was taken in handling hydrogen peroxide in order to insure a pre­
cise control over its concentration and eliminating all factors re­
sponsible for its decomposition. 
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Pre counted batches of 100 clean seeds per batch were put in ster­
ilized 50 ml. pyrex glass-beakers. Bie main objective was to correlate 
the effect of seven different soaking times; 0 hour, 6 hours, 12 hours, 
18 hours, 2*4- hours, 30 hours, and 36 hours; with six different con­
centrations of hydrogen peroxide, 0 per cent, 1 per cent, 2 per cent, 
3 per cent, U per cent and 5 per cent. Every concentration and soak­
ing time, combined, had %Q0 seeds placed in 4 beakers with 100 seeds 
in each. This resulted in four different replications of the experiment. 
The soaking started in such a manner that 36 hours of soaking was 
first, 30 hours second, 2k hours third, and so on to 0. By this 
procedure the germination test for all the different concentrations 
and different soaking times could be started at the same fixed time to 
facilitate the recording of germination data at fixed intervals of 5 
days. The beakers were tightly closed with Watman no. k2 filter 
papers during soaking time. This was done at room temperature. 
At the end of the soaking the seeds were removed by pouring the 
hydrogen peroxide through a 0.5 mm. sieve. Size $0 x 20 millimeter 
petri dishes made of pyrex glass were sterilized in an autoclave. At 
the bottom of each petri dish four close textured, medium filtering 
speed filter papers were fitted. After their soaking, 100 seeds were 
placed in each petri dish. All petri dishes were labeled. The green 
house temperature was set at 82 degrees Fahrenheit. 
The per cent of germination in each,petri dish was recorded at 
fixed intervals of 5 days. Fungus appeared in some petri dishes after 
35 days. In these the filter papers were changed. At the end of 70 
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days the germination had actually stopped so the test was discontinued. 
Hydrogen peroxide treatment to stratified seeds. 
Cold stratification is treatment of seed at low temperatures, 
usually- just above freezing, to overcome dormancy. MaeKincey and 
Macfuilkia (1938) discovered the most effective method stratification 
was keeping the seed for- several weeks at relatively low temperatures 
in well moistened medium such as sand or peat. Barton (1928,, 1930) 
observed that the best temperature ranged from 0 degree centigrade to 
15 degrees centigrade. (32 degrees Fahrenheit to 59 degrees Fahr­
enheit) with a duration of 1 to % months. However, for practical 
purposes she recoonended stratification for 2 months at 5 degrees 
centigrade (Hi degrees Fahrenheit). MacKinney and Macquilkin (1938) 
recommended that the stratification media must be thoroughly moist 
in order to be effective is hastening early germination and in pro­
moting more complete germination. Ihey also suggested that the 
amount of water in the stratif ication medium is Immaterial so long as 
it approximately exceeds 2k pel* cent of the waterholding capacity. 
Xhey recommended a range of temperature between 32 degrees Fahr­
enheit to HO degrees- Fahrenheit for a period of 1 to 3 months. She 
same requirements were recommended by Arnoldia (i960). 
There does not exist a ay literature on the pre treatment of 
western larch (Larix occidentalis Butt.) seed. The stratification 
was done in moist sand at a temperature of 32 degrees Fahrenheit 
for a period of 3® days. Hiese conditions for stratification are 
similar to those used by MacKinney and Macfuilkin (1938), Barton 
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(1928, 1930) and Arnoldia (i960). 
The sand was screened on a 1 mm. sieve. It was then sterilised 
at 170 degrees centigrade to 180 degrees centigrade for H8 hours. An 
iron pan 18 inches in diameter and 6 inches deep was also sterilized 
in an. autoclave. She bottom H inches of the pan was filled with 
sterilized sand and moistened with distilled water. 
Eighteen thousand seeds were counted after cleaning and pat in 
a cloth bag 8 inches by 12 inches. This container when filled was put 
on the top of the sand. All the seeds were spread uniformly inside 
the entire surface of the bag. On the top of the sealed cloth bag 
another layer of 2 inches of sterilized sand was placed. The a it was 
moistened with distilled water. No chemical was used to prevent mold 
during stratification because of the unknown action of the fungicide 
on the seed. The pan was kept at a temperature of 32 degrees Fahr­
enheit for 30 days. At the end of this time the cloth bag was taken 
out of the sand and the seeds were counted into batches of 100 each. 
From here on its soaking with hydrogen peroxide and procedure for 
germination test was the same as for unstratified seeds. 
ANALYSIS OF DATA 
Many previous research workers in seed germination applied sta­
tistical techniques to prove their individual hypothesis (Leggatt 
193k} Smith, 1917 J Steven 1917-1918; Mercer 1929; Collins 1929; 
Rodewald 190*+; Yakushevskaya 1937; Stahl 1937; and Wbodbridge 
1935)- Collins (1929) claimed that the most obvious application of 
statistical methods to the problem of seed testing is in providing 
measure of accuracy for various determinations. Owing to the nature 
of determinations the question of variations in seed analysis has 
presented itself in a very striking and pressing form from the ear­
liest days of seed testing (Leggatt 1939) • As early as 1889 the 
problem was studied by Rodewald who reported that if a measurement is 
repeated it will not always give exactly the same results and lat­
itude should be made for this. le recognized that for both percentage 
purity and germination the errors diminished in proportion to the 
square root of the number of seeds in a test sample, and he calculated 
tolerance latitudes for germination. He suggested, as a suitable 
latitude, a range equal to three times the probable error, but claimed 
an arbitrary latitude of 2 per cent for purity and 3 per cent for 
germination tests in excess of 90 per cent and 5 per cent for lower 
germinations. In a later paper in 1904, Rodewald proposed a latitude 
of 3 per cent for purities below 90 per cent. 
The primary purpose of the seed germination tests was to determine 
the effects of the different concentrations of hydrogen peroxide and 
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different soaking times on the seed germination. The variability in 
chemical composition of seeds as well the variability in germination 
conditions and pretreatments made it difficult to analyze the data 
visually. The results of seed germination were analyzed by an anal-
lysis of variance. 
Analysis of variance. 
Scientific conclusion of an experiment is dependent on the in­
terpretation of the experiment (Fisher 1926). According to Patterson 
(1939) if the design of an experiment is faulty any method on inter­
pretation is also faulty. As claimed by Fisher (1951) the fault is 
wholly in the interpretation and not in the experiment. Statistical 
procedure and experimental design are two important aspects of under­
standing a problem (Fisher 1936). Fisher's (1923) introduction to 
the analysis of variance has proved itself a useful addition to sta­
tistical methods. It furnishes an estimate of experimental error 
freed of that part of variabilityvhose origin is known (Snedecor 
193*0. It is a technique for segregating from comparable groups of 
data the variation traceable to specified sources (Fisher and 
Mackenzie 1923; Patterson 1939J Snedecor 193*0 • Through the use of 
the degrees of freedom it is equally veil adapted to the treatment of 
large or small samples. According to Moroney (1958) the analysis of 
variance lends itself readily to the design of efficient experimental 
procedures and to test experimental techniques. 
The major portion of the calculations in analysis of variance is 
designed to furnish the sum of squares of the deviations of a set of 
35 
observed values from their mean (Wallace and Snedecor 1931)• Iso­
lation of experimental error is very important in analysis of variance 
(Goulden 1931)- It is the standard deviation of the mean (Patterson 
1939)- It is also that mean square which represents the residual 
variation, isolated by analysis of variance, and unexplained by ex­
perimental controls (Snedecor 193*0. 33ae analysis of variance can 
be split into two sab-units (Patterson 1939)° This investigation was 
analyzed into two parts, unstratified seeds and stratified seeds. 
Variables. 
Hydrogen peroxide concentrations and soaking periods were two 
main factors analyzed; first alone and then in combinations with each 
other. Hydrogen peroxide had six different levels of concentrations 
of 0 per cent, 1 per cent, 2 per cent, 3 per cent, k per cent and 5 
per cent. Soaking period had seven levels of treatments of 0 hour, 
6-hours, 12 hours, 18 hours, 2k hours, 30 hours, and 36 hours. Kate 
of germination was used as a variant which measured the effects of 
different hydrogen peroxide concentrations and different soaking times 0 
Since the rate ©f germination is not a treatment but a variant used to 
determine the size of effect of the above mentioned two major factors. 
Recording of germination data was made on every fifth day. In un­
stratified seeds the test was stopped at the 70th day, so there were 
14 different levels which made this variant. In stratified seeds the 
test was stopped at the 55th day and there were 11 levels which made 
this variant of rate of germination. 
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In unstratified seed treatment, there were four possible inter­
actions. The three way interaction or the error term was obtained by 
subtracting all the three major variants and four interactions combined 
from the total sum squares. The individual values from which the sum 
squares has been divided by its number of degrees of freedom in order 
to get the figures in "variance" column. This is isolated variance 
of specific factors involved in the whole experiment. 
In stratified seed treatment there were only two interactions 
which were significant. Insignificant interactions of soaking time 
X rate of germination and rate of germination X per cent bydrogen per­
oxide concentration were added to the error term. She pooled error 
term was used to test the mean effects and the primary interactions. 
Variance was calculated the same way as was for unstratified seed 
treatment. 
The "F" test was used in both stratified and unstratified seed 
treatments. It was used to tell whether the variance estimate based 
on the named sources of variation are significantly greater than the 
variance estimate of the error- term. Analysis of variance is shown 
in tables I and II. All the factors are significant at 99 per cent 
level of significance. 
CHAPTER IV 
RESULTS AND DISCUSSIONS 
Uhstratified seeds? The results of-an analysis of variance is 
shown in Table number 1. Hydrogen peroxide treatments and soaking times 
resulted in highly significant "F" ratios. Increased concentration of 
hydrogen peroxide had an adverse effect on germination as is shown in 
graph number 1 in the appendix. The most significant effect on the 
rate of germination was due to the soaking time. An increase in the 
soaking time severely effected the gemination as illustrated by 
graph number 2. Interactions of hydrogen peroxide, soaking time and 
rate of germination were also highly significant. 
As illustrated in graph number 1, the effect of one per cent 
hydrogen peroxide is significantly greater than the 0, 2, 3, H, and 
5 per cent solution at 99 per cent level of significance. Six hours 
soaking time is significantly greater than the 0, 12, 18, 2H, 30, and 
36 hours soaking times at 99 per cent level of significance. It is 
shown in graph number 2. By judging all contrasts in the analysis of 
variance (Scheffe 1953) the analysis can be isolated to the effects of 
6 hours soaking in one per cent hydrogen peroxide (Table IV). Within 
this block of 6 hours soaking time a "t" test was run to find the most 
significant hydrogen peroxide concentration. Graph 3 illustrates that 
at 95 per cent level of significance one per cent is significantly 
greater than the 0, 2, 3, H and 5 per cent solutions. This strengthened 
the analysis by coinciding with results predicted in graph one. This 
is further illustrated by graph number k that at the 70th day the total 
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TABLE I 
ANALYSIS OF VARIANCE OF UHSTRATIFIED WESTERN 
LARCH SEED 
Category Sum Squares 
Degree 
of 
Freedom 
Variance 
F 
Sample FolTables 
Total 97,913.3060 587 
Soaking time (S) 17,790-1560 6 2,965.0260 103.23 **2.85 
Rate of germ (R) 1560 13 3,1+15.701+3 II8.76 **2.l8 
Per cent hydrogen (H) 
2,1+56.606© peroxide 5 1+91.3212 17.II **3.06 
Interaction S x R 7,937.3360 78 101.7223 3-5H **1.1+6 
Interaction R x H 5,790.81+1+0 -J5- 89.0899 3-10 **1.56 
Interaction S x H 8,338.671+0 30 277.9558 9.68 **1.71+ 
Error lay difference H,198.53HO 390 28.711+2 
TABLE II 
ANALYSIS OF VARIANCE OF STRATIFIED LARGE SEED 
Category Sum Squares 
iegree 
of 
Freedom 
Variance 
P 
Sample Fol®able: 
Total 28,958.0225 1+61 
Soaking time (S) 9,671.99©0 6 1,611.9983 658.33 **2.85 
Rate of germ (B) 11,292.8200 10 1,129.2820 1+61.19 **2.37 
Per cent hydrogen (l) 
687.7HOO 56.17 peroxide 5 137-581+0 **3.06 
Interaction S x 1 6,301.5600 30 210.5200 85.98 **1.7k 
Error by difference* 1,003.91^5 1+10 2.M+86 
•Includes insignificant interactions of S x R and R x 1. 
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germination is higher at 6 hours soaking is one per cent hydrogen 
peroxide solution than soaking in any other concentration and soaking 
period. 
Bate of germination was used as a measure of the effect of dif­
ferent levels of soaking periods with different concentrations of 
hydrogen peroxide. Bate of germination slowed down to a minimum 
after 20 days (graph 5 and 6) as shown by a Mtw test. Graph 6 illus­
trates the per cent germination at 6 hours soaking time in one per cent 
hydrogen peroxide. Shis showed the same similar trend as in graph 
number 5 that the germination slowed down after 20 days to a minimum. 
Statistically, the analysis interpreted that 6 hours soaking in 
one per cent hydrogen peroxide is the best at 20 days. Fifty-three 
per cent germination was obtained in 20 days (graph 7) by soaking 
unstratified western larch seeds ifi one per cent fcydrogera peroxide 
for 6 hours. 
Stratified Seeds? Table number two shows analysis of variance 
for stratified seed. Soaking time and hydrogen peroxide resulted in 
highly significant "P" ratios than shown in "t" table. Interaction of 
soaking and hydrogen peroxide was also significant. She other two 
interactions were pooled into error variance (Moroney, 1958)* Table 
number 3 illustrates adjusted values of "F" ratios, which are highly 
significant. Analysis of variance was judged oh contrast basis 
(Scheffe, 1953)* Graph 8 illustrates that 5 per cent hydrogen peroxide 
Is highly significant. Increased soaking time has an adverse effect 
on germination. Graph number 9 Bakes it clear that germination for 
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0 hour soaking time Is significantly greater than that achieved for 
the 6, 12, 18, 2k, 30 and 36 hours soaking. The graphs number 8 and 
9 help to illustrate that 0 hoar soaking in 5 per ceat hydrogen 
peroxide is best. Shis tread is farther confirmed by graph number 10 
which shows the effects of different concentrations of hydrogen 
peroxide in 0 hoar soaking time. In graph number 10, 0 hour soaking 
in 5 per cent hydrogen peroxide is highly significant. Shis was con­
firmed by graph number 11 which illustrates that even at the 55th day 
5 per ceat hydrogen peroxide and 0 hoar soaking time is highly sig­
nificant. 
Bate of germination slowed down after 15 days. She rate of ger­
mination in 0 hour soaking in 5 per cent hydrogen peroxide showed the 
same trend (graph 13) that the rate of germination falls off after 15 
days (graph 12). Interpretation of the analysis shows that 0 hoar 
soaking in 5 per cent hydrogen peroxide is best at 15 days. In other 
words, one can get 5^.25 per cent germination in 15 days (graph Ik) 
by dipping stratified western larch seed in 5 per cent hydrogen 
peroxide. 
CHAPTER V 
CONCLUSIONS 
Hydrogen peroxide treatment to western larch seed showed very 
premising results in reducing the rest period of the seed. This 
treatment effectively broke the dormancy and increased the total ger­
mination. The unstratified seeds were sensitive to longer soaking 
time because the longer soaking periods had an adverse effect on the 
rate of germination. % soaking unstratifled seed for six hours in 
one per cent hydrogen peroxide one can get 53 per cent germination in 
20 days as compared to 38*25 per cent in control. 
In stratified seeds 5 per cent concentration of hydrogen peroxide 
was beneficial. However, the longer soaking hours had an adverse 
effect on germination of stratified seeds. At the 15th da^r 0 hour 
soaking in 5 per cent hydrogen peroxide one can get 5^*25 per cent 
germination in 15 days as compared to ky.^Q per cent in control. 
By treating unstratified seed with 6 hours soaking in one per 
cent hydrogen peroxide it gave an average germination of 53 per cent 
in 20 days. However, the stratified seed gave 5^*25 per cent ger­
mination in 15 days when they were just dipped in 5 per cent solution 
of hydrogen peroxide for 0 hour. These results are much higher than 
obtained from the controls in both parts of the experiment. 
The most effective way of breaking-the seed dormancy and in-
r 
creasing the total germination is cold stratification at 32 degrees 
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Fahrenheit for a period of 30 days and then dipping the seed in 3 per 
cent hydrogen peroxide for 3 seconds. This treatment gives the best 
results ia shortest time in the seed bed. The time a seed remains is 
the seed bed before germination is very important. It is not only 
very efficient but also very economical method to increase the total 
germination and reduce the rest period of westers larch seed. 
The method of hydrogen peroxide treatment to unstratified seed 
ca& also be applied to test the viability of seed by a quick gemin­
ation test. Soaking unstratified seeds for 6 hours in one per cent 
hydroges peroxide, before making a germination test, one can get ger­
mination results within 10 days* This method will give the germination 
results in the shortest time where the time element is very important 
and does aot permit one to run a test requiring a longer period of 
time to get germination« 
CHAPTER YI 
SUMMARY 
This is a study to determine the effects of different concentrations 
and soaking periods of hydrogen peroxide on the dormancy of western 
larch (Larix occidentalis Mutt.) seed. The concentrations of 0 per 
cent, 1 per cent, 2 per cent, 3 per cent, ̂  per cent and 5 per cent 
hydrogen peroxide solutions were obtained by diluting the known con­
centration of hydrogen peroxide with distilled water. Sxact concen­
trations of original concentrated solution and the diluted solutions 
was found by combined gravimetric and volumetric analysis consisting 
of titrations with potassium permanganate. There was no decomposition 
of hydrogen peroxide over a period of 36 hours storage in tightly 
glass stoppered bottles. Soaking times of 0 hour, 6 hours, 12 hours, 
18 hours, 2k hours, 30 hours and 36 hours were also considered so far 
as their injurious effects on germination were concerned. 
By soaking unstratified seed for 6 hours in one per cent hydrogen 
peroxide one can get. 53 per cent germination in 20 Says as compared to 
38.25 per cent in control. In stratified seeds, 5 seconds dip in 5 
per cent hydrogen peroxide one can get 3k*23 per cent germination in 
15 days as compared to ̂ 9*50 per cent in control. The most effective 
way of breaking the seed dormancy and increasing the total germination 
is cold stratification at 32 degrees Fahrenheit for period of 30 days 
and then dipping the seeds in 5 per cent hydrogen peroxide for 5 
*3 
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seconds. This treatment will give the best results in the shortest 
time in seed bed. The method of hydrogen peroxide treatment to un-
stratified seed can also be applied to test the viability of seed by 
a quick germination test. Soaking unstratified seeds for 6 hours in 
one per cent hydrogen peroxide before making a germination test, one 
can get germination results within 20 days, fhls method will give 
the germination results in the shortest time where the time element 
is very important and does not permit one to run a test requiring a 
longer period of time to get germination. 
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TABLE III 
EFFECT ®F DIFFERENT CONCEHTRATIGHS OF HYDROGEN PEROXIDE 
OH TIE TOTAL GERMIHATIOH OF UHSTRATIFIED VESTERH LARCH SEED 
Per Cent Concentration Per Cent Germination 
of Ifydrogen Peroxide (Average ©f 98 Samples) 
0 37.46 
1 40.98 
2 38.38 
3 39-21 
4 37-09 
5 34.32 
TABLE IV 
EFFECT OF MFFEBEBT SQAKMG TIMES OH THE TOTAL 
GERMU9ATION OF BUSTRATIFIED VESTERH LARCH SEED 
Soaking time (hours) Per Cent Germination 
(Average of 84 Samples) 
0 44.76 
6 45.39 
12 39.61 
18 38.98 
24 32.20 
3© 34-18 
36 30.21 
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GRAPH I 
Effect of different concentrations of 
Hydrogen Peroxide on the total germination of 
unstratified western larch seed. 
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GRAPH 2 
EFFECTS OF DIFFERENT SOAKING TIMES ON THE TOTAL 
GERMINATION OF UNSTRATIFIED WESTERN LARCH SEED 
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TABLE V 
EFFECT ©P SIX HOURS SOAKING TIME IK DIFFERENT CONCENTRATIONS 
M WWMMT PEROXIDE ON TIE MEAN GEKKIMTION OF 
USTRATIFIEi WESTERN IARd SEE© 
Per Cent Concentration Per Cent Germination 
of Hydrogen Peroxide (Average of l4 Samples) 
0 40.6 
1 52.2 
2 46.6 
3 48.5 
4 43.4 
5 41.1 
TABLE VI 
EFFECT 0F SIX HOURS SOAKING TINE IE DIFFEREHT CONCEJWRATIONS 
0F HYDROGEN PEROXIDE ©V TBS CUMULATIVE TOTAL GERMINATION 
OF UNSTRATIFI03 WESTERN IARCH SEEP 
Per Cent Concentration Per Cent Germination 
of Hydrogen Peroxide (at 70th day) 
0 51.75 
1 60.75 
2 52.50 
3 54.25 
4 47.75 
5 46.50 
100 90 95 99 
0  1 2  3 ^ 5  
Hydrogen peroxide concentrations (per cent) 
GRAPH 3 
EFFECT OF SIX HOURS SOAKING TIME IN DIFFERENT CONCENTRATIONS OF 
HYDROGEN PEROXIDE ON THE MEAN GERMINATION OF UNSTRATIFIED WESTERN 
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GRAPH 4 
EFFECT OF SIX HOURS SOAKING IN DIFFERENT CONCENTRATIONS 
OF HYDROGEN PEROXIDE ON THE CUMULATIVE TOTAL GERMINATION, 
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TABLE ¥11 
EFFECT OF SIX HOURS SOAKING 3JT BJLFFKHJfflBT CONCENTRATIONS 
OF HIBKOGBT PERGXIBE OS THE RATE OF GEKKIBATIQN €F 
yflSTHATlFiED WESTERS 1ARC1 SEES) 
Bays (at which the Per Cent Germination 
germination was recorded) (Average of 6 Samples) 
5 6.70 
10 32.50 
15 39-75 
20 45.83 
25 47.58 
3© 49.38 
35 50.50 
kQ 50.79 
45 51.71 
50 51.96 
55 52.13 
60 52.13 
65 52.25 
7© 52.25 
TABLE VIII 
EFFECT OF SIX I0ORS SOAKING IN OSE PEE CENT HYDROGEN PEROXIDE 
©H TIE RATE ©F GERMINATION OF UNSTRATIFIED WESTERN LARCH SEEB 
Bays (at which the Per Cent Germination 
germination was recorded) 
5 3-75 
l© 35.25 
15 46.50 
20 53.00 
25 55.00 
30 56.75 
35 58.50 
40 59.0© 
45 60.25 
50 60.25 
55 60.50 
60 60.50 
65 60.75 
70 60.75 
90 95 99 
10 15 20 25 30 35 40 45 50 55 60 65 70 
Rate of germination (days). 
GRAPH 5 
EFFECT OF SIX HOURS SOAKING IN DIFFERENT CONCENTRATIONS OF 
HYDROGEN PEROXIDE ON THE RATE OF GERMINATION OF UNSTRATIFIED SEED 
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GRAPH 6 
EFFECT OF SIX HOURS SOAKING IN 1 PERCENT CONCENTRATIONS OF 
OF HYDROGEN PEROXIDE ON THE RATE OF GERMINATION OF UNSTRATIFIED WESTERN LARCH SEED 
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TABLE IX 
EFFECT ©F SIX HOBS SOAKING IN DIFFERENT COHCEHTRATIONB 
OF HIBROGEN PBBQXIBE ON THE CUMULATIVE GERMINATION W 
UNSTRATIFIED WESTERN LARCH SEED AT 20TI BAT 
Per Cent Concentration Per Cent Germination 
of Hydrogen Peroxide (Cumulative at 20th lay) 
0 38.25 
1 53.00 
2 49.00 
3 49.00 
4 44.25 
5 41.50 
SABLE X 
EFFECT ©F DIFFERENT CONCENTRATIONS OF HYDROGEN PEROXIDE 
ON THE TOTAL GERMINATION OF STRATIFIED WESTERN LABCH SEED 
Per Cent Concentration Per Cent Germination 
of hydrogen Peroxide (Average of 77 Samples) 
0 40.80 
1 39-39 
2 38.42 
3 41.73 
4 37.90 
5 40.89 
lo6 
0 1 2 3 1 + 5  
Hydrogen peroxide concentrations (per cent) 
GRAPH 7 
EFFECT OF SIX HOURS SOAKING IK DIFFERENT CONCENTRATIONS 
OF HYDROGEN PEROXIDE ON THE CUMULATIVE GERMINATION OF 
UNSTRATIFIED SEED AT 20TH DAY 
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GRAPH 8 
EFFECT OF DIFFERENT CONCENTRATIONS OF HYDROGEN PEROXIDE 
ON THE TOTAL GERMINATION OF STRATIFIED WESTERN LARCH SEED 
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TABU! XI 
EFFECT OF DIFFERENT SOAKING TIMES OF TIE TOTAL 
GERHINATION OF STRATIFIED WESTERN MICE SEED 
Soaklag time (Moors) Per Cent Germination 
(Average of 66 Samples) 
0 46.88 
6 45.52 
12 42.87 
18 36.79 
24 35-86 
30 36.74 
36 35.27 
TABLE XII 
EFFECT OF 0 HOIR SOAKING TIME IN DIFFERENT CONCENTRATIONS 
OF HYDROGEN PEROXIDE ON TIE GERMINATION OF STRATIFIED 
WESTERN LARCH SEED 
Per Cent Concentration Per Cent Germination 
of Hydrogen Peroxide (Average of 11 Samples) 
0 48.11 
1 46.18 
2 41.93 
3 47.57 
4 44.84 
5 52.66 
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GRAPH 9 
EFFECTS OF DIFFERENT SOAKING TIMES ON THE TOTAL 
GERMINATION OF STRATIFIED WESTERN LARCH SEED 
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GRAPH 10 
EFFECT OF 0 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE ON THE 
GERMINATION OF STRATIFIED WESTERN LARCH SEED 
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TABLE XIII 
EFFECT OF 0 HOUR SOAKING TIME HI BIFFEREBT CONCEBTRATIOHS 
OF HXDROGEN PEROXIDE PIT TIE CUMULATIVE TOTAL GERMINATION 
OF STRATIFIED WESTERN LARCH SffiD 
Per Cent Concentration Per Cent Germination 
of Hydrogen Peroxide (at 55th day) 
0 49.50 
1 48.00 
2 43.50 
3 49.00 
4 47.50 
5 55.00 
TABLE XI? 
EFFECT ©F 0 HOUR SOAKING IN BIFFEREBT CONCENTRATIONS 
OF HYDROGEN PEROXIDE ON TIE RATE OF GERMINATION OF 
STRATIFIED WESTERN LARCH SEED 
which the Per Cent Germination 
was recorded) (Average of 6 Samples) 
5 30.96 
10 46.33 
15 48.54 
20 48.63 
25 48.75 
30 48.75 
35 48.75 
4o 48.75 
45 48.75 
50 48.75 
55 48.75 
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GRAPH 11 
EFFECT OF 0 HOUR SOAKING TIME IN DIFFERENT CONCENTRATIONS 
OF HYDROGEN PEROXIDE ON THE CUMULATIVE TOTAL 
GERMINATION OF STRATIFIED WESTERN LARCH SEED 
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GRAPH 12 
EFFECT OF 0 HOUR SOAKING IN DIFFERENT CONCENTRATIONS OF HYDROGEN PEROXIDE 
OH THE RATE OF GERMINATION OF STRATIFIED WESTERN LARCH SEED 
TABLE XV 
EFFECT OP 0 HOOB SOAKING IN FIVE PER CENT HEDROGM PEROXIDE 
ON TIE BATE OP GERMINATION QP STRATIFIED WESTERN IARCH SEED 
Bays (at which the Per Cent Germination 
germination was recorded) 
5 33-50 
10 51-75 
15 54.25 
20 54.75 
25 55-00 
30 55-00 
35 55.00 
40 55.OO 
45 55.00 
50 55-00 
55 55-00 
TABLE XVI i o H m ING IN DIFFERENT CONCENTRATIONS 
OF HYDROGEN PEROXIDE 0N THE CUMULATIVE GERMINATION 
OP STRATIFIED WES TERN IARCH SEED ON 20TH BAY 
Per Cent Concentration Per Cent Germination 
of Hydrogen Peroxide Cumulative at 20th Bay 
0 49.50 
1 48.00 
2 43.50 
3 48.75 
4 47.25 
5 54.25 
5 10 15 20 25 30 35 40 45 50 
Germination rate (days) 
GRAPH 13 
EFFECT OF 0 HOUR SOAKING IN 5 PER CENT HYDROGEN PEROXIDE ON THE RATE 
OF GERMINATION OF STRATIFIED WESTERN LARCH SEED 
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GRAPH It 
EFFECT OF 0 HOUR SOAKING IN DIFFERENT CONCENTRATIONS 
OF HYDROGEN PEROXIDE ON THE CUMULATIVE 
GERMINATION OF STRATIFIED SEED ON 20TH DAY 
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TABLE XVII—GEMINATION DATA OF 0 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OP HYDROGEN PEROXIDE (UNSTRATIFIED SHEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 0.00 0.50 0.50 0.75 0.00 1.50 
10 18.00 19.25 16.75 19.50 24.75 26.00 
15 31-75 32.75 33.50 30.50 33.50 36.00 
20 40.50 45.75 44.25 40.75 45.50 44.25 
25 1*6.00 49.50 48.00 43.50 48.50 47.00 
30 49-75 52.25 50.00 47.00 52.50 50.25 
35 52.50 54.00 51.50 49.25 54.25 52.00 
4o 53.50 54.50 51-75 49.75 54.25 52.50 
45 55.00 55.50 52.75 51.25 55-00 53.75 
50 55.75 55*50 53-00 51.50 55.50 54.25 
55 56.25 56.00 53.50 51.75 55.50 54.25 
60 56.25 56.25 53.50 51.75 55.50 54.25 
65 56.25 56.25 53-75 52.00 55.50 54.25 
70 56.25 56.25 53-75 52.00 55.50 54.25 
Total 627.75 644.25 616.50 591.25 645.75 634.50 
TABLE XVIII—GERMUSATIQN MTA OP '6 1011 SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (UNSTRATIFIED SEED) 
Germination 0 Percent 1 Percent'2"Percent' 3 Percent V Percent 5 Percent 
time (days) HgOg HgOg Hg©g HgOg HgOg HgOg 
5 0.75 3.75 8.00 8.50 11.25 7.75 
10 11.75 35.25 37.50 40.25 37-00 33.25 
15 24.75 46.50 52.25 45.25 41.50 38.25 
20 38.25 53.00 49.00 49.00 44.25 41.50 
25 41.50 55.00 50.00 51.25 45.00 42.75 
30 45.50 56.75 50.50 52.75 47.00 43.75 
35 48.50 58.50 50.50 53.75 47.50 44.25 
40 48.75 59.00 51.00 53-75 47.50 44.75 
45 50.25 60.25 52.00 54.00 47.50 46.25 
50 51.25 60.25 52.00 54.00 47.75 46.50 
55 51.50 60.50 52.25 54.25 47.75 H6.50 
60 51.50 60.50 52.25 54.25 47.75 116.50 
65 51.75 60.75 52.50 54.25 47-75 46.50 
70 51.75 60.75 52.50 54.25 47.75 46-50 
Total 567.75 730.75 652.25 679.50 607.25 575.00 
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SABLE XDC—GEIMINATION DATA W 12 HOUR SOAKING TIRE IN BIFFEBEST 
CONCENTRATIONS OF HYDROGEN PEROXIDE (UNSTRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time - (dsys) Ĥ >0̂ > 5p0p HgOg HgOg HgOg HgOg 
5 0.75 12.00 9.00 18.75 14.00 10.25 
10 14.75 34.25 40.75 41.00 39.25 31.00 
15 30.25 39.50 43.50 41.50 41.25 33-00 
20 38.50 39.50 46.25 43.50 42.50 34.25 
25 41.75 40.00 47.00 43.50 42.50 34.25 
30 1*6.25 40.25 47.50 43.75 42.75 34.25 
35 49.00 to.50 47.50 43.75 42.75 34.25 
to 49.50 40.50 47.50 43.75 42.75 34.25 
45 50.50 40.50 47.50 43.75 43.00 3̂ .25 
50 51.00 40.50 47.50 1*4.25 43.50 34.25 
55 51.75 40.50 47.50 44.50 43.50 34.25 
6o 51-75 1*0.50 47.50 44.50 43.50 34.25 
65 51.75 40.50 47.50 44.50 43.50 34.25 
70 51.75 40.50 47.50 44.50 43.50 34.25 
Total 579.25 529.50 614.00 585.50 568.25 451.00 
TABLE XX—GERMINATION DATA OF 18 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (UNSTRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 0.00 12.50 15.00 26.75 17.00 17.00 
10 11.75 39.50 33.25 46.00 34.75 37.75 
15 25.75 44.75 34.00 49.50 37.00 38.25 
20 33.00 47.50 35.50 50.50 37-00 38.75 
25 36.00 47.50 35.50 50.50 37.00 38.75 
30 39.00 47.50 35.50 50.75 37.00 38.75 
35 41.00 47.50 35.50 50.75 37-00 38.75 
40 41.50 47.50 35.50 50.75 37-00 38.75 
45 42.75 47.75 35.50 50.75 37.00 38.75 
50 42.75 48.00 35.50 50.75 37-00 38.75 
55 42.75 48.00 35.50 51.00 37.00 38.75 
60 42.75 48.00 35.50 51.00 37.00 38.75 
65 42.75 48.00 35.50 51.00 37-00 38.75 
70 42.75 48.00 35.50 51.00 37.00 38.75 
Total 484.50 622.00 472.75 681.00 495.75 519.25 
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SABLE XXI—GERMINATION DATA OF 24 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (UNSTRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg 1 HgOg HgOg HgOg HgOg HgOg 
5 0.00 13.25 11.00 20.25 22.75 15.00 
10 8.75 31.25 28.00 39.00 34.50 31.25 
15 19-50 35.50 28.75 40.00 35.25 31.25 
20 25.00 35.50 30.00 4i.oo 36.00 31.25 
25 28.50 36.00 30.00 41.25 36.00 31.25 
30 30.25 36.00 30.00 41.25 36.00 31.25 
35 31.75 36.00 30.00 41.25 36.00 31.25 
40 32.00 36.00 30.00 41.25 36.00 31.25 
45 32.25 36.00 30.00 41.25 36.00 31.25 
50 32.25 36.00 30.00 41.25 36.00 31.25 
55 32.25 36.00 30.00 41.25 36.00 31.25 
6o 32.25 36.00 30.00 41.25 36.00 31.25 
65 32.25 36.00 30.00 41.25 36.00 31.25 
70 32.25 36.00 30. GO 41.25 36.00 31.25 
Total 369.25 475.50 397-75 552.75 488.50 421.25 
TABLE XXII—GERMINATION DATA OF 30 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (UNSTRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg ®2®2 HgOg HgOg HgOg 
5 0.00 12.75 18.25 13.50 14.75 14.25 
10 15.75 36.00 36.75 29.75 27.75 30.00 
15 27.50 4o.oo 38.00 31.25 29.75 31.00 
20 34.50 41.50 38.75 32.25 30.25 32.00 
25 39.25 41.75 38.75 32.25 30.25 32.00 
30 42.75 41.75 38.75 32.25 30.25 32.00 
35 45.50 41.75 38.75 32.25 30.25 32.00 
40 46.25 41.75 38.75 32.25 30.25 32.00 
45 47.50 41.75 38.75 32.25 30.25 32.00 
50 48.50 42.00 38.75 32.25 30.25 32.00 
55 48.50 42.00 38.75 32.25 30.25 32.00 
60 48.50 42.00 38.75 32.25 30.25 32.00 
65 48.50 42.00 38.75 32.25 30.25 32.00 
70 48.50 42.00 38.75 32.25 30.25 32.00 
Total 541.50 549.00 519.25 429.25 405.00 427.25 
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TABLE XXIII--GERMINATION DATA OF 36 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (UNSTRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg Hg02 HgOg HgOg HgOg 
5 0.25 2.00 11.00 12.75 14.25 10.75 
10 11.50 26.75 32.50 22.00 29.50 24.50 
15 22.50 33.00 35.00 22.00 31.25 25.00 
20 31.50 35.00 37.25 24.25 31.75 25.OO 
25 36.25 35.75 37.25 24.25 31-75 25.00 
30 i|©.25 36.50 37.25 24.25 31.75 25.00 
35 43.00 36.75 37.25 24.25 31.75 25.00 
4o 43.75 37-00 37.25 24.25 31.75 25.00 
45 44.50 37.00 37.25 24.25 31.75 25.00 
50 45.00 37.00 37.25 24.25 31.75 25.00 
55 45.75 37.00 37.25 24.25 31.75 25.OO 
60 45.75 37.OO 37.25 24.25 31.75 25.00 
65 45.75 37.00 37.25 24.25 31-75 25.OO 
70 45.75 37-00 37.25 24.25 31.75 25.00 
Total 501.50 464.75 488.25 323.50 424.25 335.25 
TABLE XXIV- -GERMINATION DATA OF 0 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (STRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 35.75 30.25 27.50 36.00 22.75 33.50 
10 48.00 45.75 42.25 46.75 43.50 51.75 
15 49.50 48.00 43.50 48.75 47.25 54.25 
20 49.50 48.00 43.50 48.75 47.25 5^.75 
25 49.50 48.00 43.50 49.00 47.50 55.00 
30 49.50 48.00 43.50 49.00 47.50 55.00 
35 49.50 48.00 43.50 49.00 47.50 55.00 
40 49.50 48.00 43.50 49.00 47.50 55.00 
45 49.50 48.00 43.50 49.00 47.50 55.00 
50 49.50 48.00 43.50 49.00 47.50 55.00 
55 49.50 48.00 43.50 49.00 47.50 55-00 
Total 529.25 508.00 461.25 523.25 493.25 579.25 
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TABLE XXV—GERMINATION DATA OF 6 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (STRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 31.00 33-00 31.25 39.75 19.75 19.50 
10 49.25 43.75 44.75 51.00 34.50 45.75 
15 50.25 44.-75 46.50 52.75 38.75 49.00 
20 50.25 44.75 46.50 53.25 39.00 49.25 
25 50.50 45.00 46.50 53.50 40.25 49.25 
30 50.50 45.00 46.50 53.50 40.25 49.25 
35 50.50 45.00 46.50 53.50 40.25 49.25 
4o 50.50 45.00 I16.50 53.50 40.50 49.25 
45 50.50 45.00 46.50 53.50 40.50 49.25 
50 50.50 45.00 46.50 53.50 40.50 49.25 
55 50.50 45.00 46.50 53.50 40.50 49.25 
Total 534.25 481.25 494.50 571.25 414.75 508.25 
TABU! XXVI—GERMINATION DATA OF 12 SOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS ©F HYDROGEN PEROXIDE (STRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 27.00 24.75 27.50 16.25 30.25 27.75 
10 46.00 42.50 42.00 37.25 46.75 41.50 
15 46.75 43.25 44.75 38.25 49.75 45.00 
20 46.75 43.25 45.00 38.50 49.75 45.50 
25 46.75 43.25 45.00 38.50 49.75 45.50 
30 46.75 43.25 45.00 38.50 49.75 45.50 
35 47.OO 43.25 45.00 38.50 49.75 45.50 
40 47.00 43.25 45.00 38.50 50.00 45.50 
45 47.00 43.25 45.00 38.50 50.00 45.50 
50 47.00 43.25 45.00 38.50 50.00 45.50 
55 47.00 43.25 45.00 38.50 50.00 45.50 
Total 495.00 456.50 474.25 399.75 525.75 478.25 
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TABLE XXVII --GERMINATION DATA OP 18 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (STRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 iPercent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 12.75 20.00 21.75 30.00 19.25 22.50 
10 34.50 34.00 42.00 40.75 32.75 38.75 
15 36.00 35.00 42.50 41.75 34.25 40.75 
20 36.00 35.00 42.50 41.75 34.50 41.00 
25 36.00 35.00 42.50 41.75 34.75 41.00 
30 36.OO 35-00 42.50 41.75 34.75 41.00 
35 36.00 35-00 42.50 41.75 3̂ .75 41.00 
40 36.00 35.00 42.50 41.75 35-00 41.00 
45 36.00 35-00 42.50 41.75 35-00 41.00 
50 36.00 35.00 42.50 41.75 35-00 41.00 
55 36.00 35.00 42.50 41.75 35.00 41.00 
Total 371.25 369.OO 446.25 446.50 365.OO 430.00 
TABLE XXVIII--GEEJMIHATION DATA OF 2U- HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS 0 W HYDROGEN PEROXIDE (STRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) H2©2 ®2®2 HgOg HgOg HgOg HgOg 
5 16.75 19.25 22.25 19.50 26.00 23.50 
10 35-50 33.25 35-75 33.75 42.50 34.75 
15 37.75 34.25 36.00 35-50 44.50 35.75 
20 37-75 34.25 36.25 35.50 45.00 35-75 
25 37.75 34.25 36.25 36.00 45.00 35-75 
30 37.75 34.25 36.25 36.00 45.00 35-75 
35 37.75 34.25 36.25 36.00 45.00 35-75 
4o 38.00 34.25 36.25 36.00 45.00 35.75 
45 38.00 34.25 36.25 36.00 45.00 35.75 
50 38.00 34.25 36.25 36.00 45.00 35-75 
55 38.00 34.25 36.25 36.00 45.00 35.75 
Total 393.00 360.75 384.00 376.25 472.50 380.00 
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TABUS XXIX—GERMINATION DATA OF 30 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (STRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 10.50 20.25 19.25 28.00 28.00 27.00 
10 34.25 37.50 31.50 45.00 35.25 38.75 
15 36.00 38.25 32.00 H6t 75 36.75 40.00 
20 36.00 38.25 32.00 46.75 36.75 40.00 
25 36.00 38.25 32.00 46,75 36.75 40.25 
30 36.00 38.25 32.00 46.75 36.75 40.25 
35 36.00 38.25 32.00 46.75 36.75 40.25 
40 36.00 38.25 32.00 46.75 36.75 40.25 
45 36.00 38.25 32.00 46.75 36.75 40.25 
50 36.00 38.25 32.00 46.75 36.75 40.25 
55 36.00 38.25 32.00 46.75 36.75 40.25 
Total 368.75 402.00 338.75 493.75 394.00 427.50 
TABLE XXX—GERMINATION DATA 36 HOUR SOAKING TIME IN DIFFERENT 
CONCENTRATIONS OF HYDROGEN PEROXIDE (STRATIFIED SEED) 
Germination 0 Percent 1 Percent 2 Percent 3 Percent 4 Percent 5 Percent 
time (days) HgOg HgOg HgOg HgOg HgOg HgOg 
5 13.50 25.25 21.75 31.00 19.00 17.25 
10 41.75 40.75 32.50 35.25 26.75 31.00 
15 43.75 43.25 33.25 36.75 30.00 33-00 
20 ^3.75 43.25 34.00 36.75 30.00 33-00 
25 43.75 43.25 34.00 37.50 30.00 33-00 
30 43.75 43.25 34.00 37.50 30.00 33.00 
35 43.75 43.25 34.00 37.50 30.00 33.00 
4o 44.00 43.25 34.00 37.50 30.00 33-00 
45 44.00 43.25 34.00 37.50 30.00 33-00 
50 44.00 43.25 34.00 37.50 30.00 33-00 
55 44.00 43.25 34.00 37.50 30.00 33.00 
Total 450.00 455.25 359.50 402.25 315.75 345.25 
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TABLE XXXI 
FORMULAS 
1. Sum of Squares = EX2 - (EX)g 
D 
v2 
is refered as correction factor, since it 
Q 
reduces the sum of squares of the observed values EX. , 
to the desired sum of squares of the deviations from 
the mean (Wallace and Snedecor, 1931)' 
2. Least Significant Difference 
L.S.D. = t Error Variance ̂  j.  ̂
L.S.B. = Least significant difference 
t = Student "t" for a given level of 
significance with the degrees of 
freedom in the error variance. 
N = Number of units comprising the 
average being tested. 
